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Abstract; The time-varying difference-in-difference model is
used to identify the impact of payment technology on
residents’ consumption, and the moderation effect analysis
method is used to identify its mechanism. It is found that
payment technology promotes consumption capacity
expansion and quality improvement ( CEQI) through three
pathways of alleviating liquidity constraints, reducing
transaction costs and weakening the payment of pain. The
parallel and serial mechanisms of the three are further
explored. The effect of payment technology on the CEQI of
residents’ consumption shows obvious heterogeneity due to
differences in urban and rural household registration and
financial literacy. Based on the empirical research results
and the national conditions of China, targeted policy
recommendations are proposed from the demand side, the
supply side and the technological side.
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0 Introduction

The digital economy, as an important engine for
economic development in the 2Ist century, has
demonstrated significant influence and potential globally.
Over the past few decades, with the rapid development of
information technology and the widespread adoption of
the internet, the digital economy has become a crucial
force driving innovation, fostering economic growth, and
improving people’ s livelihoods. At the same time, we
cannot overlook the empowerment and transformation that
the digital economy brings to traditional industries. Just
as the development of textile technology and
craftsmanship, the digital revolution is profoundly
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altering the landscape of traditional sectors. In addition to
changing the production methods of traditional industries
and improving the efficiency of resource allocation, the
digital economy has also created entirely new product and
service models, forming new points of economic growth,
making the digital economy itself an important form of
new quality productive forces. Under the advocacy of
accelerating the development of the digital economy,
actively promoting the empowerment of the digital
economy to expand consumption and improve quality and
achieving effective qualitative improvement and
reasonable quantitative growth in economic development,
China is actively promoting the development of the digital
economy. Meanwhile, consumption has played an
increasingly crucial role among the three drivers and has
become the primary force driving economic growth. The
urgent task for China has been to further coordinate the
promotion of the quality and speed of economic growth,
leverage the positive role of consumption in promoting
effective  qualitative improvement and reasonable
quantitative growth in the economy, and make new
contributions to promoting high-quality economic
development. Therefore, expanding domestic demand
and stimulating consumption are essential steps to further
promote high-quality economic growth in China.
Capacity expansion and quality improvement
(CEQI) of residents’ consumption refers to further
expanding the scope of new consumption and improving
the quality of new consumption. The term empowerment
refers to endowing a certain subject with certain abilities
and strengths. Some scholars believe that the
development of payment technology has driven the
development of e-commerce and lending platforms,
profoundly changing people ’ s lifestyles, improving
residents’ payment efficiency, promoting consumption
CEQI, driving economic growth, and making the “cake”
bigger'''. In China, what is the relationship between
payment technology and resident consumption? What
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kind of empowerment mechanism exists between payment
technology and resident consumption? Existing literature
mainly focuses on studying the mechanism of
consumption empowerment from the perspective of
alleviating liquidity constraints of either physical credit
cards'® or virtual third-party payment platforms®’
lacking comprehensive analysis of the overall impact of
payment technology on the structure and quantity of
residents’ consumption, and failing to delve into the
interrelationships between various pathways, resulting in
an incomplete characterization of the relationship between
payment technology and residents ’ consumption. In
addition, the selected intermediary effect models have
been challenged in recent years, rendering the mechanism
verification analysis results unconvincing. This paper
combines physical and virtual payment technologies and
their derivative products for research, analyzes their dual
impacts on consumer consumption quantity and structure,
and draws on the models of regulatory effect testing by
Wen et al. " and Jiang"”' . This study aims to explore
the implementation paths and path correlations of payment
technology in promoting the CEQI of residents ’
consumption. It seeks to investigate how payment
technology as a whole can promote the CEQI of
residents’ consumption in China, driving high-quality
economic development through the effects of overall
enhancement, quality upgrading, structural optimization,
and internal linkage.

1 Theoretical Expression and Research
Hypotheses

1.1 Review of literature

The development of the Chinese economy has
entered a new normal. The traditional model of economic
growth driven by investment and exports is clearly
inadequate, while at the same time, the contribution of
residents’ consumption to the Chinese economy continues
to increase. Against the backdrop of the widespread
development of Internet technology in the 1990 s and the
vigorous growth of the e-commerce industry, the use of
payment technology for consumption has emerged and
continues to spread. Domestically and internationally, the
mechanism for promoting the CEQI of residents ’
consumption through payment technology is analyzed
from three aspects: alleviating liquidity constraints,
reducing transaction costs, and weakening payment
pain'®’.

In the process of China’ s transition from a saving
culture ™' to a consumption culture, the significant role
played by credit cards cannot be ignored. Academia
mostly studies the relationship between credit cards and
residents *  consumption quantity from a micro
perspective. It is believed that the use of credit cards
significantly promotes residents ’  consumption by
providing short-term liquidity to residents. The scale of

revolving credit card debt shows a significant inverted U-
shaped relationship with residents >  consumption
expenditure. Revolving credit card debt leads to
additional consumption by cardholders through a causal
mechanism consisting of stabilization effects, expansion
effects and floating effects'”’. Based on the credit card
balance compensation mechanism, it was found that the
credit card balance compensation system actually provides
consumers with low-interest unsecured short-term loans,
thereby significantly increasing consumers ’  total
consumption'"’’. Using a combination of propensity score
matching and fixed effects, it was empirically found that
holding credit cards significantly promotes residents ’
consumption by alleviating liquidity ~constraints'""’. -
However, at the same time, increasing consumer credit
may increase the likelihood of consumers adopting non-
full repayment methods, thereby increasing the risk for
financial institutions'"" In addition, according to
Maslow’ s hierarchy of needs theory, the use of credit
cards can also promote the transformation and upgrading
of residents’ consumption. Wang et al. "'* found that
credit card payments are significantly negatively
correlated with the proportion of survival-type
consumption expenditure and significantly positively
correlated with the proportion of enjoyment-type and
development-type consumption expenditure, leading to
the conclusion that credit card payments can achieve an
upgrade in consumption structure through credit expansion
mechanisms.

The enormous consumer demand and rapid
development of science and technology in China have also
promoted the emergence and development of other
payment technologies besides credit cards, such as mobile
payments and Internet payments, giving rise to third-
party payment products represented by Alipay, WeChat
Pay and Baidu Wallet. As a new type of online payment
mode, they play an increasingly significant role in
residents’ consumption and have become an important
channel for consummating consumption transactions.
Firstly, payment technology can directly promote the
increase in residents’ consumption by providing credit to
alleviate residents ’ liquidity constraints, and it has
heterogeneous effects on consumption in urban and rural
households. It can significantly promote the increase in
total consumption and enjoyment-type consumption in
urban households, while the increase in total consumption
in rural households is not significant and focuses more on
survival-type consumption'® . Secondly, according to
the analysis of theories such as consumer equilibrium,
payment technology can stimulate residents’ consumption
by reducing time costs, search costs and payment costs.
Pei et al. "' found that there is a long-term equilibrium
relationship between mobile payments and residents ’
consumption, indicating that mobile payments have a
certain stimulating effect on residents’ consumption and
can bring residents’ consumption back to equilibrium.
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Mobile payments are not only substitutes for cash and
bank card payment methods but also effectively promote
residents’ consumption, ultimately achieving the effect of
promoting the sustained and healthy development of the
national economy. However, the subsequent weak
supervision of payment platforms, lack of protection,
leakage of user privacy and other behaviors bring negative
value perception to consumers, reducing their willingness
to use them, which to some extent inhibit consumer
demand'”’. Finally, payment technology can promote
the CEQI of residents’ consumption by weakening the
sense of payment. Electronic payment methods convert
money into digital spending, which reduces the sense of
pain compared to a large amount of cash, and even makes
the payment less painful or painless. In addition,
methods such as small-value exemptions and fingerprint
payment passwords further accelerate the payment speed
and increase the probability of impulsive consumption by
consumers. Through empirical analysis from the
perspective of the “dual-channel mental accounts theory,
it was found that mobile payments can affect residents’
consumption by reducing the sense of payment, with the
greatest impact on food expenditure and the smallest
impact on entertainment expenditure'"*"
1.2 Theoretical basis and research hypotheses
According to the theory of liquidity constraints,
when individuals have temporarily negative income and
cannot borrow based on future expected income, and their
own wealth accumulation cannot meet their necessary
consumption, they can be considered as being subject to
liquidity constraints. This leads to some consumers
consuming based on current income, resulting in
excessive sensitivity of consumption changes to income,
and even refusal to consume. The development of
payment technology improves the credit function of
payment technology, thereby alleviating liquidity
constraints and promoting the expansion and upgrading of
residents > consumption capacity. For example, some
payment platforms, including Ant Credit Pay and JD
White Bar, provide consumers applying for loans with a
period of interest-free repayment. As long as the loan is
repaid within the interest-free period, no interest needs to
be paid, which means that the better the consumer’ s
credit limit, the more interest costs can be saved. At the
same time, consumers can also choose installment
payment methods, which are both safe and convenient.
Compared with traditional bank credit, payment
technology has more flexibility, thus having a greater
impact on residents’ consumption. However, in recent
years, more and more third-party lending platforms have
been exposed to dishonesty, privacy breaches, and other
issues, leading to more cautious observation of these
platforms by residents, which has inhibited the consumer
demand and the optimization of consumption structure to
some extent. This study refers to the process of payment
technology promoting the expansion and upgrading of

residents’ consumption capacity by alleviating liquidity
constraints as the liquidity constraint relief effect.

Coase’ s transaction cost theory ' points out that
transaction cost refers to the cost incurred by individuals
in a specific social environment to reach a transaction,
which is the cost of relationships between people.
Regardless of the payment method used, transaction costs
exist in the process of completing transactions whenever
there is a transaction, but there are differences in the level
of transaction costs among different transaction methods.
Rational consumers will choose the optimal payment
method to reduce their transaction costs, complete the
purchase behavior, and thereby maximize utility.
Compared to traditional payment methods, payment
technology can reduce transaction costs and maximize
consumer utility in the following three aspects.

1) Reducing time costs

When using traditional payment methods ( such as
cash) , people need to spend time selecting items in the
store and waiting in line to pay and receive change. In
contrast, using payment technologies such as scanning
payment greatly improves efficiency. At the same time,
the development of the Internet and e-commerce platforms
(such as Taobao, JD and Pinduoduo) allows consumers
to shop easily at home without leaving, not only saving
travel time but also providing consumers with a wide
range of goods from home and abroad, covering
affordable goods or high-end luxury goods. These
platforms also reduce consumer search time by tracking
consumer preferences and  providing homepage
recommendations, increasing consumer awareness of
spending.

2) Reducing payment costs

In recent years, with the continuous development
and growth of the Internet, major e-commerce platforms
have also flourished, and various activities such as
Taobao’ s Double Eleven, Double Twelve, JD 618
Carnival, New Year’ s Goods Festival and Goddess
Festival have emerged endlessly under the dominance of
major e-commerce platforms or merchants. These
platforms or merchants take advantage of the holiday
opportunities to provide benefits to consumers in the form
of discounts, coupons and tasks to share red envelopes,
thereby promoting the CEQI of residents’ consumption
by reducing payment costs.

3) Reducing opportunity costs

In the textile industry, digital design software and
intelligent production equipment enable firms to precisely
control quality, customize production, and meet
personalized consumer demands. This transformation
reduces costs, shortens production cycles, and enhances
responsiveness to market demands, driving consumption
growth. The theory of money demand includes
transaction, speculative, and precautionary needs.
Traditionally, people kept cash for emergencies.
However, with payment technologies like Yu’ ebao and
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WeChat, consumers can store money in electronic
accounts that are easily accessible and offer returns,
reducing opportunity costs.

Thaler’ s theory of mental accounting'"® emphasizes
that people psychologically differentiate wealth from
different sources into different mental accounts, making
wealth between accounts difficult to transfer and
exhibiting irrational behavior, which contradicts the
assumption of rational individuals in economics. For
example, using the change in WeChat payment may
come from red envelopes or financial returns, giving
consumers an impression of easy access, thereby
increasing consumer desire. Building upon the mental
accounting theory, Prelec et al. """ further proposed the
double-entry mental accounting theory to explain
consumers’ prepayment preferences. This theory suggests
that consumers have two channels in their brains during
consumption decisions: one records the satisfaction after
payment ( positive utility) , and the other records the pain
of payment ( negative utility ). These two feelings coexist
in the shopping experience, influencing consumer
decisions. If the sum of the two is positive, the
consumption experience is satisfactory; if negative, it is
not. The closeness between consumption and payment
behaviors can be further represented by the term linkage.
The longer the time interval between purchase and
payment, the weaker the pain of payment consumers
feel. Traditional payment methods such as cash have a
close linkage between consumption and payment, leading
to a strong sense of payment pain and generating negative
utility. In contrast, payment methods of payment
technologies have the characteristic of low payment
transparency, which weakens the linkage between
consumption and payment, thereby reducing the pain of
payment and bringing more positive utility to consumers,
thus promoting the expansion and improvement of
consumer consumption. Additionally, Soman'*" proposed
that among cash, debit cards, credit cards and other
electronic payment methods, the degree of pain from
fund outflows was continuously decreasing. In this study,
the process of payment technology promoting the
expansion and improvement of consumer consumption by
weakening the pain of payment is referred to as the
payment pain reduction effect.

Based on the above analysis, the mechanism and
pathway of payment technology promoting the CEQI of
residents’ consumption are summarized in Fig. 1, and
one main effect benchmark research hypothesis and three
transmission mechanism hypotheses are proposed as
follows.

Hypotheses 1: Payment technology promotes
residents °  consumption, achieving expansion and
improvement in quality.

Hypotheses 2 : In the process of payment technology
promoting the expansion and improvement in the quality
of residents’ consumption, the mechanism for alleviating

liquidity constraints plays a positive regulatory role.

Hypotheses 3. In the process of payment technology
promoting the expansion and improvement in the quality
of residents’ consumption, the mechanism for reducing
transaction costs plays a positive regulatory role.

Hypotheses 4 In the process of payment technology
promoting the expansion and improvement in the quality
of residents’ consumption, the mechanism for weakening
payment pain plays a positive regulatory role.

Alleviating Weakelning
liquidity the pain of -
constraints payment Expansion
The use of _an
improvement
payment of
technology residents
Reducing consumption
transaction
costs
[ 1
| Time | I Payment | |Opportunity

Fig. 1 Mechanism and pathway of payment technology promoting the
CEQI of residents’ consumption in this study

2 Data and Mathematical Modelling

2.1 Data sources

The main data in this paper is derived from the
China household finance survey ( CHFS) conducted by
the Southwestern University of Finance and Economics,
using publicly available data for the years 2013, 2015,
2017 and 2019"". Due to the need for a time-varying
difference-in-differences model approach, this paper
further selects households successfully tracked in four
consecutive years of surveys. Additionally, due to
potential  response  biases among  questionnaire
respondents, this paper further excludes invalid data for
empirical analysis. Furthermore, this paper supplements
necessary missing data using the data from Ref. [22].
2.2 Models
2.2.1 Baseline models

To examine the impact of payment technology on the
CEQI of residents’ consumption, this study employs a
two-way  fixed-effects  time-varying  difference-in-
differences model for estimation, with individual and year
fixed effects, attempting to control for other factors
affecting the CEQI of residents’ consumption. The
baseline model is set as follows:

Y= taD +a,C +U +7Z +¢, (1)
Yoin =0yt alDi,z + aZCi,t +U + 7, + Eiis (2)

where i represents households; ¢ represents time; y,
denotes the logarithm of the total consumption
expenditure of household i in year #; y,,, represents
consumption structure of household i in year ¢; D,, is a
dummy variable for the policy effect brought by the use
of payment technology; C,, denotes the control variable
set; U, represents individual fixed effects; Z, represents
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time-fixed effects; ¢, , denotes the random error term; a,
is the intercept term, which represents the spontaneous
consumption without other factors. ; «, represents the
parameter to be estimated; a, represents the degree of
influence of the control variable on the explained
variable.
2.2.2 Mechanism testing models

This paper explores the mechanism of how payment
technology facilitates the EIRC quantitatively. Referring
to the moderation effect model and testing procedures in
Refs. [4] and [5], the following econometric model is
established

yl,L,L :IBO +ﬁlDi,1 +BZCL,L +B3Mc,i,z +

BM, D, +U+Z +e¢, (3)
Y2 =B, +BlDi,z +Bzci,z +B3M{»,i,r +
B4Mc,i,ch,i,r + Ui + Zz + 81,[ (4)

where M, , is the moderator, representing the variable that
may moderate the process of payment technology
influencing the CEQI of residents’ consumption; D,
represents the decentralized D,,; M, ., represents the
decentralized M,,; [, is the intercept term, which
represents the spontaneous consumption without other
factors; B, represents the parameter to be estimated; 3,
represents the degree of influence of the control variable
on the explained variable; B, represents the degree of
influence of the moderating variable on the explained
variable; B, is the coefficient of the interaction term
between the moderator and independent variable,
representing the size and direction of the moderating
effect.

Based on the above explanation, if the coefficient 3,
is significant and has the same sign as B,, it can be
considered that the moderator variable significantly
enhances the effect of payment technology on the CEQI
of residents > consumption; if the coefficient B, is
significant and has the opposite sign to B,, it can be
considered that the moderator variable significantly
weakens the effect of payment technology on the CEQI of
residents’ consumption. To alleviate the issue of high
collinearity between the interaction term and the
independent variable and moderator variable, the core
explanatory variable and the moderator variable are
decentered.

2.3 Variables

2.3.1 Dependent variables

The dependent variables in this study are indicators
of measuring the CEQI of residents’ consumption.
Drawing on Maslow ’ s hierarchy of needs theory and
other similar literature, this study selects two indicators :
total residents * consumption and the proportion of
development-oriented consumption to total consumption
in the year. If the proportion of total residents’
consumption and development-oriented consumption to
total consumption significantly increases with the use of

payment technology, it can be considered that the policy
significantly promotes the CEQI of residents ’
consumption. To overcome linear relationships, the
natural logarithms of the two indicators are taken and
named y, and y,, respectively.
2.3.2 Explanatory variables

The core explanatory variable in this paper is the
policy effect brought by payment technology, represented
by the dummy variable PayTech * post (D). D=1
represents the experimental group, namely households
using payment technology; otherwise, D =0 represents
the control group, namely households not using payment
technology. The annual post when using payment
technology is coded as 1, while other years are coded as
0. The regression results mainly refer to the positive or
negative significance of PayTech * post (referred to as D
in subsequent empirical analyses). Due to differences in
questionnaire settings in different years of the CHFS,
different questions are used to determine whether
households use payment technology.

In this study, the definition of payment technology
adopts the concept specified in the payment technology
guidance published by the People’ s Bank of China;
payment technology refers to the behavior of units or
individuals directly or authorizing others to issue payment
instructions through electronic terminals to achieve
currency payment and fund transfer. Payment technology
is classified into different service types according to the
method of initiating payment instructions; online
payment, telephone payment, mobile payment, point-of-
sale terminal transactions, automatic teller machine
transactions and other electronic payments. Based on this
definition, this study determines whether households use
payment technology based on questionnaire responses.
Due to differences in questionnaire settings in different
years of the CHFS, different questions are used as
indicators to determine whether households use payment
technology.

2.3.3 Control variables

Through the collection and analysis of literature with
similar themes, drawing on theories such as the life cycle
proposed by Modigliani (1954), this paper focuses on
controlling the influence of relevant factors at the
household level. Specifically, it includes age A, age
squared B, gender S, family size F, total assets 7, and
total income 1.

2.3.4 Moderator variables

Based on the previous analysis of the mechanism,
payment technology will affect the CEQI of residents’
consumption quality through three pathways; alleviating
liquidity constraints, reducing transaction costs and
weakening payment pain. According to the requirements
of empirical analysis, credit loan Q and financing
constraint index X are selected as measurement indicators
for analysis in the alleviating liquidity constraints
section; in the reducing payment costs section, the
regional level of electronic information development V is
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chosen as the measurement indicator for analysis; and in
the aspect of weakening the pain of payment, the
consumer price index P is adopted as the measurement
indicator for analysis.

2.4 Descriptive statistics of variables

characteristics, the average age of the respondents is
approximately 55.273 years old, with the youngest
respondent being 16 years old and the oldest being 96
years old. Male household heads outnumber female
household heads. The average household size is 3. 874.

The descriptive statistics of the variables are The mean total assets of the households are 793 529
presented in  Table 1. Regarding  individual CNY, and the mean total annual income is 63 106 CNY.
Table 1 Descriptive statistics
) . Standard . .
Variable Meaning Number Mean L. Minimum Maximum
deviation
Vi Natural logarithm of total consumption 24 952 10. 571 0. 963 0 18. 949
¥y,  Natural logarithm of consumption structure 24 952 -0. 844 0. 635 -9.655 0
D .Wbether the electronic payment is used (if 24 952 0,256 0.436 0 |
it is used, D=1; else, D=0)
Head of household age 24 952 55.273 13.399 16 96
B Square of the head of household age 24 952 3 234. 569 1 468. 722 256 9216
Gender of the head of the household (if the
S 24 952 0. 545 0. 498 0 1
head is male, S=1; else, S= 0)
F  Family size 24 952 3.874 1. 824 0 24
T  Total family assets/CNY 24 952 793 529 1592 731 0 30 000 000
1 Total family annual income/CNY 24 952 63 106 153 025 0 7 863 131
L Amount of household credit loans/CNY 24 952 190. 716 143. 470 0.070 525.245
Analogy to the corporate financing
constraint index, measuring the degree of
X  household financing constraint ( SA index = 24 952 -4.278 0.715 -6. 864 0
—0. 737xfamily size + 0. 043xfamily sizex
family size—0. 04xage)
V' Regional digitalization level 24 952 241.110 47.587 106. 830 340. 008
P Consumer price index 24 952 102. 125 0. 638 101. 400 102. 900

Note: SA index is an index usually used to measure the degree of corporate financing constraints, and here it is used to measure the

degree of household financing constraints.

3 Baseline Model Results and

Mechanism ldentification

This section begins with conducting parallel trend
tests to determine whether the samples before and after the
adoption of payment technology have the comparability
prerequisite  for using time-varying difference-in-
difference. =~ Subsequently, the relationship between
payment technology and residential consumption is
examined through a baseline regression using the double-
fixed time-varying double-differences model. Finally, the
moderation effect test model is applied to identify the
mechanism by which payment technology facilitates the
expansion and improvement of residential consumption.
3.1 Analysis of parallel trend tests

Samples using the time-varying difference-in-

differences model must meet the premise of
comparability. Therefore, the parallel trend test should be
conducted first to determine whether the samples before
and after the introduction of payment technology have the
comparability required for wusing the time-varying
difference-in-differences model. To assess the impact of
the policy of payment technology, the samples are
divided into experimental and control groups. The
testing method for evaluating the policy effect using the
time-varying difference-in-differences model is based
on a counterfactual framework to assess changes in the
dependent variables under the circumstances of being
affected and not being affected by the policy.
Therefore, based on relevant scholars’ research, a
parallel trend test model based on the event study
method is established. The specific model settings can
be seen in Eqs. (5) and (6).
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Yiia =B, + ZBrDi,r—f +BZC1',,[ +U +7Z +e,, (5)

T=-m

Yo =Bo+ 2B.D,, . +BC, +U +2Z +&,. (6)

In the model, D, , .
the use of payment technology. If resident i is subject to
the policy of using payment technology during period ¢ —
7, the variable takes the value of 1; otherwise, itis 0. m
and n represent the number of periods before and after the
policy implementation, respectively. Meanwhile, B, is
used to measure the policy effect of using payment
technology, where B_, to [B_, measure the policy effect
of using payment technology in the previous 1—m years;
B, to B, represent the policy effect of using payment
technology in the following 1-n years.

Since the data in this paper are panel data for
2013, 2015, 2017 and 2019, the policy effects for
seven years before and after policy implementation
are considered to determine whether the sample has
passed the parallel trend test. The X-axis O coordinate
is unified as the starting point of the policy
implementation in different regions, and the starting
year of the policy in each region is different. Other
values indicate the first n years and the last n years of
the policy implementation, which are relative
concepts. Figures 2 and 3 show that the estimated
coefficients of total consumption and consumption
structure before the use of payment technology hover
around 0 and are not significant at the 90% level.
However, after the use of payment technology, the
estimated coefficients of total consumption and
consumption structure are both significantly higher
than 0 at the 90% significance level, indicating that
the use of payment technology has led to significant
differences in consumption between the experimental
group and the control group. This satisfies the
assumption of the parallel trend test, and the double
fixed-effects time-varying difference-in-differences
model can be used.

is a dummy variable concerning
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Fig. 2 Parallel trend tests with consumption level as
dependent variable (90% confidence interval)

05

=)
ey
a
(B -]
+o4
-
4
-

\

,05 -

Policy dynanic economic efffects
Vo

1 L 1 1 L 1 1

Policy timing
Fig. 3 Parallel trend tests with consumption structure as
dependent variable (90% confidence interval )

3.2 Benchmark regression results

Subject to meeting the prerequisite of the parallel
trend test, in order to overcome the endogeneity issue of
sample data, the panel data from 2013, 2015, 2017 and
2019 are selected, fixing individuals and years. The time-
varying difference-in-differences model is used to analyze
the relationship between payment technology and the
quantity and structure of residents’ consumption. The
specific results are shown in Table 2. Due to space
constraints, the results tables are omitted. The same
applies to the following sections.

Table 2 Baseline regression results

Variables Vi Ya
D 0.213 9™ 0.159 4™ 0.1122™ 0.101 0™
(11.78) (9.10) (10.00) (9.32)
Constant YES YES YES YES
Control variables NO YES NO YES
Individual fixed effects YES YES YES YES
Time fixed effects YES YES YES YES
N 24 927 24 898 24 897 24 868

Notes: The values in parentheses represent the coefficient values of each variable;

indicates significance at the 1% level.
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From the regression results, regardless of whether
control variables are included, the coefficient of the D
regression is significantly positive at the 1% level,
indicating that the policy of using payment technology
can significantly promote an increase in the quantity of
residents °  consumption and optimize consumption
structure.  Specifically, without including control
variables, on average, each additional unit of payment
technology use can significantly increase residents’ total
consumption by 0.21 units and promote an average
optimization of consumption structure by 0. 11 units.
After including control variables, on average, each
additional unit of payment technology use can
significantly increase residents’ total consumption by
0. 16 units and promote an average optimization of
consumption structure by 0. 10 units. It can be considered
that payment technology has helped to boost residents’
consumption, achieving both expansion and upgrading in
quality. This regression result validates the research
Hypothesis 1 mentioned earlier.

Personal payment era Industrial payment era

2019 year

Fig.4 Development of China’ s payment technology market

Since the issuance of payment business licenses in
2010, payment technology has significantly augmented
the scale of payments in China through its technological
applications, innovative functionalities, and user
convenience, positioning the Chinese payment market as
one of the foremost payment markets globally, currently
situated in the era of personal payments. In 2019, the
payment market transitioned into an epoch characterized
by industrial payments. By 2023, in light of the wave of
emerging technological revolutions, such as artificial
intelligence, and in conjunction with the aforementioned
regression results, we can anticipate that payment
technology will facilitate an even swifter enhancement of
the CEQI of residents’ consumption.

3.3 Mechanism analysis

Building on the theoretical analysis and baseline
regression results in the preceding sections, to further
identify the mechanism by which payment technology
facilitates the CEQI of residents’ consumption, this study
employs a moderated mediation analysis model to validate
the three paths of influence: alleviating liquidity
constraints, reducing transaction costs and weakening
payment pain. This aims to determine whether they play
a moderating role and to what extent.

3.3.1 Test of the regulatory effect of alleviating
liquidity constraints mechanism

We measure liquidity using two indicators: credit
amount and SA index, analyzing effectiveness through
statistical properties and economic significance. Table 3

shows that after introducing the interaction terms of credit
amount and the use of payment technology, the
coefficient of payment technology wuse remains
significantly positive at the 1% level, and the coefficient
of the interaction term remains significantly positive at the
10% 1level. This indicates that the liquidity constraint
mitigation mechanism ( measured by credit amount) plays
a positive regulatory role in boosting residents ’
consumption expansion and upgrading through the
promotion of payment technology. This regression result
partially validates Hypothesis 1 proposed earlier.

Additionally, drawing on enterprise financing
constraint indicators ( SA index at the enterprise level) ,
we construct an SA index at the micro-level of residents
and use this index to measure the financing constraints
faced by residents. Table 3 shows that after introducing
the SA index and the interaction term of payment
technology use, the coefficient of payment technology
use remains significantly positive at the 1% level, while
the coefficient of the interaction term is significantly
negative in the regression on total consumption and not
significant in the regression on consumption structure.
This indicates that the liquidity constraint mitigation
mechanism ( measured by the SA index) plays a positive
regulatory role in promoting residents ’ consumption
expansion through payment technology but cannot play a
positive regulatory role in promoting residents ’
consumption upgrading through payment technology. The
SA index is always negative, and the larger the SA
index, the closer to 0, indicating a greater financing
constraint and smaller liquidity. This regression result
partially validates Hypothesis 2 proposed earlier. The
reason may be that consumers facing greater financing
constraints are more likely to face basic survival issues,
making it more difficult for them to engage in higher-
level enjoyment-oriented consumption.
3.3.2 Test of the regulatory effect of reducing

transaction costs mechanism

For the cost reduction indicator, we measure it using
the level of informatization. Table 3 shows that after
introducing the level of informatization and the interaction
term of payment technology use, the coefficient of
payment technology use and the coefficient of the
interaction term are both significantly positive at the 1%
level. This indicates that the transaction cost reduction
mechanism plays a positive regulatory role in boosting
residents’ consumption expansion and upgrading through
payment technology. This regression result validates
Hypothesis 3 proposed earlier.
3.3.3 Test of the regulatory effect of weakening

payment pain mechanism

Table 3 shows that after introducing the consumer
price index and the interaction term of payment
technology use, the coefficient of payment technology
use and the coefficient of the interaction term are both
significantly positive at the 1% and 10% levels,
respectively. This indicates that the payment discomfort
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mitigation mechanism plays a positive regulatory role in
boosting residents’ consumption expansion and upgrading

Table 3 Summary of t

through payment technology. This regression result
validates Hypothesis 4 proposed earlier.

est results of regulatory effects

Variables Vi ¥, ¥i ¥ Vi ¥ i A
D 0.136 9™ 0.063 1™ 0.1650™  0.1002™  0.1382™  0.089 5"  0.166 8" 0.096 9"
(4.38) (3.14) (9.20) (9.24) (7.61) (8.13) (9.13) (8.32)
L -0.0003  -0.001 2"
(-1.15) (-3.86)
DL, 0.0002"  0.0009"
(1.74) (9.63)
X -0.0227  -0.095 4
(-0.42) (-0.64)
DX, -0.079 7™ 0.014 0
(-4.16) (0.90)
v -0.000 1  -0.000 9"
(-0.29) (=3.17)
D.V, 0.002 4™ 0.001 2™
(7.21) (6.10)
D.P, -0.046 0™ 0.0257"
(-2.72) (1.75)
Constant YES YES YES YES YES YES YES YES
Control variables YES YES YES YES YES YES YES YES
i‘;?g:jual fixed " ypg YES YES YES YES YES YES YES
Time fixed effects ~ YES YES YES YES YES YES YES YES
N 12 366 12 316 24 898 24 868 24 870 24 840 24 898 24 868

Notes: L., X, V. and P, represent the decentralized L, X, V and P, respectively;

3.4 Analysis of the interaction relationships

To further explore how moderator variables play a
moderating role in CEQI of residents’ consumption
through payment technology, the relationship between
moderator variables is further examined. Due to the

.

indicates significance at the 10% level.

partial verification of Hypothesis 2 when the SA index is
used as an indicator of liquidity constraint relief, only the
credit limit is used as a test indicator to explore the
relationship between moderator variables. The results are
shown in Table 4.

Table 4 Moderating variable correlation table

Variables L L Vv
L 0.8339
(1.29)
P 1404.611 4™ 5.800 0™
(0.21) (-220.03) (=3.01)
Constant YES YES YES
Control variables YES YES YES
Individual fixed effects YES YES YES
Time fixed effects YES YES YES
N 250 250 500
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Table 4 shows that the liquidity constraint relief
effect does not significantly affect the reduction in
transaction costs effect, while the weakening of payment
pain effect can significantly influence the liquidity
constraint relief effect and reduction in transaction costs
effect at the 1% significance level. Therefore, it can be
inferred that the processes of liquidity constraint relief
effect and reduction in transaction costs effect are jointly
regulated in promoting the expansion and enhancement of
residents > consumption through payment technology.
Additionally, the weakening of payment pain effect is
respectively interconnected with the liquidity constraint
relief effect and reduction in transaction costs effect in
regulating the process of promoting the CEQI of residents’
consumption through payment technology (Fig.5).

[ Moderating effect 1

Alleviating
liquidity Expansion
s | constraints sl
X 7 .
The use of Weakening |/ improvement
payment [C—> | the painof { of
technology payment ‘\ - residents’
\ Reducmg consumption
transaction
costs

Fig.5 Correlation plot of moderating effect variables

4 Robustness Discussion and Hetero-
geneity Analysis

In this section, based on the analysis of the

Placebo test

0 B el 3 s
-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 03 04 0.5
Estimated coefficients

(a)

benchmark model and mechanisms, a series of robustness
tests are conducted, including randomized placebo tests,
sample data truncation processing and exclusion of
contemporaneous policy effects.
4.1 Robustness discussion
4.1.1 Randomized placebo test

In economics, the placebo test is similar to that
in medicine. It examines whether the trend changes
in the treatment group and the control group after the
policy intervention point are influenced by other
policies or random factors. This is done to assess the
robustness of the basic test using the time-varying
difference-in-differences model. This paper further
validates whether the use of payment technology can
promote the CEQI of residents’ consumption by
comparing the treatment group and the control group.
Drawing on relevant literature, this study adopts the
method of randomly generating treatment groups.
The codes representing households are extracted and
converted into continuous variables. After randomly
shuffling the data, 30 samples were drawn each time
as pseudo-policy experimental groups, matched with
the original data, and then interacted with the pseudo-
policy occurrence time to generate pseudo-policy
dummy variables. This process is repeated 500 times
in Stata. The estimated coefficient distribution and
corresponding p-values of the pseudo-policy dummy
variables in the randomized regression of total
consumption and consumption structure over 500
experiments are obtained ( Fig. 6).

Placebo test

0K . BN . VS ——
SRR AR
Estimated coefficients

(®)

Fig. 6 Placebo testing for estimated coefficients: (a) total consumption; (b) consumption structure

In Fig. 6, the X-axis represents the estimated
coefficient magnitude of the pseudo-policy dummy
variable; the Y-axis represents the kernel density and p-
value magnitude; the curve represents the kernel density
distribution of the estimated coefficients of the pseudo-
policy dummy variable; the dots represent the
corresponding p-values of the estimated coefficients.
Figure 6 shows that the estimated coefficients of the
pseudo-policy dummy variables for total consumption and
consumption structure mainly concentrate at —0.2-0 and

—0.1-0.1, respectively.  Therefore, the baseline
regression results of 0. 1594 and 0. 1010 can be regarded as
marginal outliers for the two indicators, respectively.
Additionally, the majority of the p-values for the estimated
coefficients of the pseudo-policy dummy variables are
greater than 0.01, indicating that the baseline regression
results are not accidental and that other random factors
have not significantly interfered with the promotion of
residents’ total consumption growth and the optimization
of consumption structure by payment technology.
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4.1.2 Sample data

To prevent the influence of outliers on the regression
results, a 1% data truncation on the dependent variables
is coducted from both the top and the bottom. The values
of the dependent variables in the sample greater than the
99th percentile are replaced with the observation value of
the 99th percentile, while the values of the dependent
variables in the sample less than the 1st percentile are

replaced with the observation value of the 1st percentile.
Through the above operation, the dependent variables
(y,, and y, ) after sample data truncation are
obtained, and further robustness tests are conducted by
comparing the descriptive statistical results of the
dependent variables before and after truncation ( Table
5) and the baseline regression results before and after
truncation ( Table 6).

Table 5 Descriptive statistics of dependent variables before and after truncation

Variables N Mean Standard deviation Minimum Maximum
Vi 24 927 10.570 5 0.963 3 0 18.948 6
Viw 24 927 10.574 6 0.914 8 8.091 3 12. 811 1
Y, 24 897 -0.843 9 0.635 4 -9.655 1 0
Vaw 24 897 -0.836 9 0.598 7 -3.044 5 -0.039 4
Table 6 Baseline regression results before and after truncation
Variables Vi Viw Y Yow
D 0.2139™ 0.1594™ 0.2119™ 0.1603™ 0.1122" 0.1010™ 0.1100™ 0.099 5™
(11.78) (9.10) (12.33) (9.96) (10.00) (9.32) (10.24) (9.52)
Constant NO YES NO YES NO YES NO YES
Control variables YES YES YES YES YES YES YES YES
Individual fixed effects YES YES YES YES YES YES YES YES
Time fixed effects YES YES YES YES YES YES YES YES
N 24 927 24 898 24 927 24 898 24 897 24 868 24 897 24 868

Tables 5 and 6 show that the range of total
consumption and consumption structure without truncation
of sample data is significantly larger than that after
truncation, indicating the possible presence of outliers in
the initial data. Truncating the sample data does not
change the significance level of the core explanatory
variables. After truncation, the values of the regression
coefficients are not significantly different from those
before truncation and almost all show a slight decrease,
reflecting a weakening impact of payment technology on
CEQI of residents’ consumption after data truncation.
The baseline regression results are more robust after data
truncation.

4.1.3 Exclude concurrent policy effects

Apart from payment technology, other concurrent
policies may also affect the CEQI of residents ’
consumption. To test whether the policy effect of
payment technology on the CEQI of residents ’
consumption is a net effect and whether there are other
policies that can affect the CEQI of residents ’
consumption, this paper selects the China’ s cross-border
e-commerce comprehensive pilot zone ( CCECPZ) as the
concurrent policy that needs to be excluded. In March
2015, the State Council approved Hangzhou as the first
China’ s cross-border e-commerce comprehensive pilot
zone. By the end of 2022, China had established a total

of seven batches of 165 Comprehensive Pilot Zones for
Cross-border E-commerce in China, involving 31
provinces.

The establishment of the China’ s cross-border e-
commerce comprehensive pilot zone has various impacts
on residents’ consumption. On the one hand, the pilot
zone allows direct procurement of goods from abroad,
avoiding markups in intermediate links, reducing
residents °  consumption costs, and promoting the
expansion of residents’ consumption. On the other hand,
the pilot zone introduces more international brands and
high-quality products with new styles and technologies,
thus improving the quality of residents’ consumption.
Therefore, this paper selects the policy indicators of three
batches of the China’ s cross-border e-commerce
comprehensive pilot zone from 2013 to 2019. The
establishment date of the fourth batch was December 15,
2019, with a shorter impact time on consumption in that
year, hence not considered. The policy of the China’ s
cross-border e-commerce comprehensive pilot zone is
introduced into the baseline regression, with a dummy
variable R set. If a city is designated as the China’ s
cross-border e-commerce comprehensive pilot zone
starting from a certain year, then R=1 for that year and
subsequent years; otherwise, R = 0. The regression
results are shown in Table 7.
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Table 7 Regression results table excluding contemporaneous
policy influence

Variables » V,
D 0.205 7 0.149 3™
(15.69) (10.45)
R -0.047 5 0.034 6
(-0.14) (0.23)
Constant YES YES
Control variables YES YES
Individual fixed effects YES YES
Time fixed effects YES YES
N 500 500

Table 7 shows that after excluding the policy effect
of the China’ s cross-border e-commerce comprehensive
pilot zone, there was no change in the significance of the
core explanatory variables. Additionally, the regression
coefficient of the policy variable China’ s cross-border e-
commerce comprehensive pilot zone is not significant.
This could be because the policy of the China’ s cross-
border e-commerce comprehensive pilot zone did not have
a significant impact on residents’ consumption during the
same period, or it may be due to a time lag in the
implementation of this policy. In any case, it can be
considered that in the analysis of the role of payment
technology on residents’ consumption, there was no
interference from the simultaneous policy of the China’ s
cross-border e-commerce comprehensive pilot zone,
further demonstrating the robustness of the regression in
this paper.

4.2 Heterogeneity analysis

4.2.1 Urban-rural household registration heterogeneity
To better illustrate the impact of payment technology
on CEQI of residents’ consumption, this study conducts

a heterogeneous analysis of two indicators; total
consumption and consumption structure, based on the
factors of urban and rural household registration and
financial literacy. Tables 8 and 9 show that within the
framework of relative income theory, urban-rural income
inequality stimulates urban residents ° comparison
psychology and rural residents ’ social status-seeking
psychology. Specifically, urban residents, situated at the
higher income end, engage in conspicuous consumption
to increase consumption due to their comparison
psychology and ample spending power. Conversely, rural
residents, positioned at the lower income end, tend to
save wealth to enhance social status, resulting in the
significant impact of payment technology on urban
consumers being higher than that on rural
consumers >’ . However, under the effect of residents’
rational expectations correction, the pull effect of
payment technology on optimizing consumption structure
for rural residents may be more pronounced than for
urban residents due to the unreasonable consumption
structure of rural residents themselves.
4.2.2 Financial literacy heterogeneity

Tables 8 and 9 show that payment technology has a
higher effect on CEQI of residents’ consumption for high
financial literacy consumers than for low financial literacy
consumers. This is because the former often possess
abundant knowledge of financial markets, complex
calculation abilities and rational investment thinking,
which enables them more adept at using payment
technology (such as low or interest-free credit) to engage
in cost-saving forward consumption. Simultaneously,
they can optimize their consumption structure, thereby
improving their living standards' >,

The overall consumption heterogeneity results and
consumption structure heterogeneity regression results are
shown in Tables 8 and 9 respectively.

Table 8 Overall consumption heterogeneity regression results

Variables Rural Urban Low financial literacy High financial literacy
D 0.121 4™ 0.239 1™ 0.136 3™ 0.3399™
(6.25) (8.91) (7.29) (12.96)
Individual fixed effects YES YES YES YES
Time fixed effects YES YES YES YES
N 13 133 11 722 359 186

Note: ™ indicates significance at the 5% level.

Table 9 Consumption structure heterogeneity regression results

Variables Rural Urban Low Financial Literacy High Financial Literacy
D 0.102 9™ 0.102 1™ 0.110 1™ 0.288 2™
(7.07) (6.20) (5.88) (35.62)
Individual fixed effects YES YES YES YES
Time fixed effects YES YES YES YES
N 13 126 11 699 359 186
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5 Conclusions

This study uses panel data from CHFS2013-2019,
supplemented by data from the China Statistical Yearbook
published by the National Bureau of Statistics and data
from Digital Inclusive Finance published by Peking
University, to study and analyze the policy effects of
payment technology in promoting the CEQI of resident’ s
consumption. The conclusions are as follows.

Firstly, the baseline regression results show that
whether or not control variables are included, payment
technology is significantly positively correlated with the
quantity and structure of residents’ consumption.
Therefore, we can confirm the basic assumption of this
paper, that payment technology promotes residents’
consumption, achieving CEQI.

Secondly, this paper uses the moderation effect test
model to verify the implementation path of payment
technology in promoting the CEQI of residents’
consumption. The results of the moderation effect test
show that alleviating liquidity constraints, reducing
transaction costs and weakening payment pain all have
positive moderating effects in the process of payment
technology promoting the CEQI of resident’s
consumption. Therefore, we can conclude that payment
technology promotes the CEQI of residents’ consumption
by alleviating liquidity constraints, reducing transaction
costs and weakening payment pain.

Finally, based on the baseline regression, this study
further explores the relationship between payment
technology and  residents’  consumption through
heterogeneity analysis. The results show that differences
in household registration (urban or rural) and financial
literacy both have heterogeneous effects on the process of
payment technology impacting the ECQI of residents’
consumption. Specifically, compared to rural consumers,
payment technology has a greater effect on consumption
ECQI for urban consumers. Compared to consumers with
low financial literacy, payment technology has a better
effect on consumption ECQI for those with high financial
literacy.

6 Suggestions

6.1 Demand side

1) Promote payment technology adoption and
financial literacy

To encourage greater consumer use of payment
technology, it is essential to enhance financial literacy.
This involves educating consumers on the fundamentals of
payment technologies and financial management,
including basic financial knowledge and relevant policies.
Additionally, efforts should focus on raising awareness of
risk prevention and anti-fraud practices, fostering healthy
financial values, and guiding responsible borrowing and
consumption to avoid blind following and wasteful

spending.

2) Boost income and consumer willingness

Income is a critical determinant of consumption. To
stimulate consumption, it is vital to adhere to an
innovation-driven development strategy, advance the
transformation of traditional industries, and foster high-
value-added sectors, thereby ensuring the sustainable
growth of the Chinese economy. Strengthening social
security measures is also necessary to bolster consumer
confidence.

3) Reduce regional disparities and promote social
equity

Tailored approaches are needed to achieve
coordinated regional development. Efforts should focus
on enabling more prosperous areas to support less
developed ones, and urban centers to uplift rural regions.
By narrowing the economic gaps between urban and rural
areas, and among different regions and city tiers, social
equity can be promoted, thereby increasing consumer
confidence and overall consumption across the country.
6.2 Supply side

1) Optimize product supply and quality

High-quality products are essential to harness the full
potential of payment technology in driving consumption.
This requires strengthening the industrial chain,
transportation, and industrial infrastructure to ensure
adequate product supply. Simplifying market entry for
payment technology providers, reducing entry barriers,
and encouraging competition will foster innovation.
Continuous research and development should focus on
enhancing product diversity, appearance, and quality to
support the transformation of consumption patterns.

2) Improving top-level design and public services

Enhancing the basic market economy systems,
including property rights, market access, fair
competition, and social credit, is crucial. Efforts should
be made to create a market-oriented, legal, and
internationalized business environment. The government
should build a new type of government-business
relationship, reduce business costs, and promote a
standardized, competitive, and efficient transaction and
consumption environment. Strengthening oversight of the
payment technology market will protect consumer rights
and ensure payment service safety. Additionally,
increasing investment in digital infrastructure, such as 5G
networks, the Internet of Things, and big data platforms,
will provide a robust foundation for the development of
new productive forces.
6.3 Technological side

1) Enhance credit supervision and improve services

Improving user data confidentiality and personnel
management is critical, as data breaches undermine trust
in payment technology. A balanced approach is needed to
manage lending platform data rights and consumer data,
considering both security and efficiency. Strengthening
user information management will reduce default risks.
Establishing a robust feedback system to incorporate
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consumer suggestions and continuously improve services
will enhance user satisfaction.

2) Advance research and ease of use
Standardization and
systems

interoperability of payment

should be prioritized to enhance service

convenience and accessibility. Efforts should focus on
developing payment products tailored to middle-aged and
elderly users, making technology more accessible to these

groups.
research is necessary to drive innovation,

Increased investment in payment technology
integrate

payment technology with emerging technologies like big
data and AI, and expand its application in areas like
digital currency.
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